The presence of halogen compounds in the synthesis of semiconductor nanocrystals (NCs) produced by hot injection drastically influence their capping ligand sphere and/or chemical reactivity, allowing for the growth of hybrid systems, including composites combining NCs decorating carbon sp 2 surfaces. As a result, the presence of halide anions on the surface of some NCs has proven to have a positive impact on the optical and electrical properties. In this work the effects that halogen co-solvents (including alkylchlorides, bromides, and iodides) induce in the synthesis of rod-like Wurtzite CdSe NCs generated by hot-injection will be reviewed. The proposed mechanism of the reaction as well as a detailed characterization of the capping ligand sphere by Nuclear Magnetic Resonance (NMR) and X-Ray photoelectron Spectroscopy (XPS) will be discussed. Correlated cyclic voltammetry (CV) and XPS studies have been performed to address the effect of the halide anions on the NCs surface. Finally an example of the effect of the addition of chlorine-containing co-solvents on the synthesis of PbS rock-salt NCs will be shown.
Introduction
The presence of halogen compounds in the synthesis of semiconductor nanocrystals (NCs) produced by hot injection [1] drastically influences their capping ligand sphere and/or their chemical reactivity [2] [3] [4] [5] , allowing for the growth of hybrid systems [6] , including composites of NCs decorating carbon sp 2 surfaces [7] . Several works have reported on chemical and photochemical processes taking place during the growth of semiconductor NCs in the presence of halide or acetate anions [8] . Changes in the capping ligand sphere triggered by halogen compounds may provoke transformations of the NCs shape [9] [10] [11] . There are examples of different materials, such as MnS and CdSe where hexagonal bullets, pyramidal, pencil, or diamond shapes are formed when chloride precursors are employed, which points to a general effect of chloride in wurtzite-type structures [9] [10] [11] . In the case of rock-salt PbS NCs produced by hot-injection, the addition of chlorinecontaining co-solvents triggers fusion of the NCs over certain crystallographic facets through oriented attachment [12, 13] transforming the initial dots into 2D sheets [14] . The presence of halide anions on the surface of some NCs produced by hotinjection has proven to have a positive impact on the optical and electrical properties [15] . Halide anions can be considered as the shortest X type (ionic) ligands, facilitating charge transport through NCs. The passivating role of halide anions in PbS systems has also been reported [16] and other reports have evidenced the passivating effect of chlorine on CdSe NCs, highlighting the possibility of using halogen molecules to efficiently displace both L-(coordinative) and/or X-type ligands [17, 18] . Post-reaction treatments with chlorine-containing solutions seem to provide some benefits to PbSe colloidal NCs, such as more robust optical properties due to better passivation [19] . Furthermore, better performances of NC-based solar cells have been achieved upon chlorine-based treatments of the NCs followed by thermal annealing [20] .
In this work, the effects that halogenated co-solvents (including alkylchlorides, bromides, and iodides) induce in the synthesis of rod-like wurtzite CdSe NCs [21] generated by hot-injection is reviewed. For example, rod-like CdSe NCs undergo a shape transformation to pyramidal shape in the presence of chlorinebased co-solvents, as schematically depicted in Figures 1a-1c . The proposed mechanism of the reaction as well as a detailed characterization of the capping ligand sphere of both, rod-like and pyramidal NCs by Nuclear Magnetic Resonance (NMR) and X-Ray Photoelectron Spectroscopy (XPS) will be discussed. Correlated Cyclic Voltammetry (CV) and XPS studies have been performed to address differences between the NCs surfaces. These studies allow identifying chemical environments and surface site modifications, which are essential to understand the stability and performance of NCs acting as active layers in optoelectronic devices. Furthermore, it has been proven that the chlorine-modified ligand sphere triggers self-assembly of a single monolayer of CdSe NCs on graphitic surfaces (see Figure 1d ) such as carbon nanotubes or highly oriented pyrolytic graphite (HOPG), either as bulk or in the form of a few layers of graphene. This opens room for semiconductor NCs-graphene composites for applications in catalysis, photovoltaics or energy storage [22] . Finally an example of the effect of the addition of chlorine-containing co-solvents on the synthesis of PbS rock-salt NCs will be shown as well [14] .
Characterization of the capping ligand sphere of rod-like and pyramidal CdSe NCs
As mentioned, rod-like CdSe NCs undergo a shape transformation to pyramidal shape ones in the presence chlorine-containing co-solvents, such as 1,2-dichloroethane (DCE). The synthesis includes the addition of DCE to a mixture of cadmium oxide CdO and octadecylphosponic acid ODPA prior to the addition of selenium Se dissolved in trioctylphosphine TOP. We found that there is a double role of DCE depending on the Cd/Se precursor molar ratio (either under excess of Cd or Se precursors) [23] . While NCs produced under conditions with an excess of Cd precursor show rod-like shape and a comparatively low amount of Cl on their surface, NCs produced under conditions with an excess of Se precursor modify their shape from rods to pyramids and contain higher amounts of the halogen on their surface. In order to obtain quantitative information of the surface composition and to investigate the integration of Cl in the ligand NCs shell, XPS analyses have been performed. Figure 2 shows the XPS Cl/Cd and P/Cd normalized areas plotted as a function of the Cd/Se precursor molar ratio in the synthesis. Since the P 2p and Cl 2p XPS peaks are related exclusively to the NCs ligand shell, the normalized areas Cl/Cd and P/Cd between elements comprising the ligand shell (Cl or P) and a component of the NC core (Cd in this case) were calculated. These ratios do not correspond to quantitative concentration values of elements present in the samples but to qualitative amounts of different elements composing the shell relative to a given amount of Cd. As shown in Figure 2 , for low Cd/Se values (Cd/Se < 1), low P/Cd and high Cl/Cd values are observed. This trend is inverse for high Cd/Se values (Cd/Se > 1). The fact that the Cl/Cd and P/Cd ratios follow opposite trends as a function of the Cd/Se precursor molar ratio sup- [29] . The shift in the whole spectrum could be attributed to the influence of adjacent chlorine atoms in the capping shell. Alternatively, this shift may be related to a slightly different binding against the predominant (1-101) polar facets terminated in Cd in the case of pyramids [7, 30] compared to the predominant non-polar (01-10) facets in rods. The range between 25 and 40 ppm shows a broad undefined peak, and the two previous contributions at 21.7 and 22.4 ppm are not observed, which may indicate breaking of the hydrogen bonds in the presence of chlorine. Since the
P
NMR signals of phosphonic acid chlorides are shifted 14 to 20 ppm downfield from the corresponding phosphonic acids [31] a P-Cl bound is discarded. Changes in the P core levels of the NCs are also apparent in synchrotron XPS. Figure 3b shows the P 2p region acquired for rod-like and pyramidal NCs, respectively. The natural line shape for 2p levels is that of an asymmetric spin-split doublet, very different from the line shape found for rod-like NCs where two components with similar intensities, but different binding energies (132.92 and 133.74 eV, respectively) fit bests (spectrum in Figure 3b upper line). The shape of the XPS signal for pyramidal NCs (3b lower line) is, however, much more asymmetric and, thus, more consistent with a single environment of P on their surface. If two components are still allowed for fitting the experimental data, it is found that the intensity of the highest-binding energy one is now much smaller and both components have been shifted to higher binding energies (133.11 and 134.71 eV respectively for the spectrum in Figure 3b , lower line). This small shift of about 0.1 eV for both components follows the same trend of the downfield-shifted signals observed in the NMR spectrum upon chlorine incorporation. Furthermore, the width of the P 2p signal for anhydrides is slightly larger (1.24 eV) than that related to the ODPA 2− molecules (1.11 eV), which may be related to the variable phosphorus environment in anhydrides of different chain length. The fact that two main components are observed for the phosphorus signals related to ligand shell species both in XPS and NMR suggests identification between them. We attribute the signal at the lowest binding energy to ODPA 2− in agreement with previous results [26] and the signal at higher binding energy to anhydrides of ODPA. A sketch indicating rod-like NCs capped with both ODPA 2− and anhydrides and pyramidal NCs capped exclusively with ODPA 2− is also represented.
Proposed mechanism triggering the shape transformation
According to the above information, the incorporation of Cl as ligand seems to entail the substitution of ODPA-related ligands (containing P) and further reshaping of the initial rods. After the characterization shown in Figure 3 it is reasonable to say that the addition of a chlorine-containing co-solvent to the reaction media of CdSe rod-like NCs leads to the incorporation of chlorine by selective substitution of anhydrides of octadecylphosphonic acid, while octadecylphosphonates (ODPA 2− ) remain anchored to the NCs surface. Furthermore, as previously mentioned, the shape transformation occurs exclusively under high Se precursor concentrations (Se@TOP). In order to understand the role of the halogen-containing co-solvent in the reaction a series of blank experiments were performed (not shown) [23] to conclude that the reaction between TOP (or TOP@Se) and DCE is responsible for the incorporation of Cl into the NCs ligand shell, triggering the re-shaping of the NCs. In order to follow the reaction and to understand the influence of this combination during the NCs synthesis, Nuclear Magnetic Resonance (
H NMR) and Mass Spectrometry (ES-ITOF) have been employed to analyze the reactivity between TOP and DCE at
RT at 265 ∘ C, the reaction temperature [23] . The ESI-TOF spectrum of TOP (Figure 4a ) evidences the absence of significant impurities, indicating that the main reaction products should proceed from the reaction between TOP and DCE. Figure 4b shows the ESI-TOF spectrum of the reaction product. The main peak dominating the spectrum is situated at m/z 384.39. This peak can be unambiguously attributed to ethane-1,2-diylbis(trioctylphosphonium)dichloride. This as- 
Studies of other halogenated compounds
In a previous work it was shown that depending on the chemical structure of the halogen molecule added to the reaction, the kinetic growth and the final particle shape vary [32] . Since chloride anions are responsible for the shape transformation from rods to pyramids, this evolution will take place faster at higher chloride concentration (within a certain range of concentrations). This was observed when comparing the evolution of different primary, secondary or tertiary haloalkanes, as reported in detail in [32] . Furthermore, the use of other compounds such as HCl [33] or other halogen-containing co-solvents releasing bromide or iodine anions were also tested [32] . In contrast to chloroalkanes, modifying the shape of the rods at relatively long reaction times (hours) during the ripening regime, the presence of bromoalkanes and especially iodoalkanes influences the reaction especially during the first stages, during the nucleation and the first stages of growth, producing rods with clear zig-zag terminated surfaces, as a result of the competition between ODPA and the halide anion. The larger influence of iodide and bromide during the first stages of growth (within a concentration range) is related with their stronger nucleophilic character with respect to chloride. In the reaction with TOP, iodide is a very good leaving group, followed by bromide and chloride. This means that iodide anions will be available in higher concentrations from the beginning of the reaction on, influencing the nucleation and growth to a higher extend than chloride anions, influencing the reaction during the ripening stage at longer reaction times. Figure 5b ) suggests that Br from DBE reacts similarly to Cl. Both Cl and Br signals turn out to be comparatively broad (fwhm Cl: 1.2 eV, Br: 1.3 eV) with respect to the Au signal reference (0.7 eV for the fwhm of the Au 4f peak), which indicates that these elements can bind indistinctly to several facets. From the XPS spectra of Figure 5c (P 2p), quantitative analysis of the surface-attached elements P and Cl (or Br) shows that, for Cl pyramids, the ligand shell is composed of Cl species by about (43 ± 3) %, and the ligand shell of the Br pyramids contains (31 ± 5)% of Br. TEM images in Figure 5c (insets) show that the NCs with Br are less sharply faceted than those with Cl at the same reaction time (see Figure 1b) , what can be understood when taking into account the already mentioned nucleophilic character, what in fact yields stronger Cd-Cl bonds compared to Cd-Br and Cd-I. Thus, the presence of chloride strongly influences the ripening regime compared to bromide and iodide, showing an attenuated effect during this period. From these results we can conclude that the release rate of halide anions and their availability during nucleation and/or growth play a major role in the shape evolution.
The shape transformation process can be understood as an etching process starting on the poorly passivated (000-1) Se terminated facet of wurtzite CdSe rods. In fact, the transformation starts exclusively from that tip, as ascertained as by TEM tomography [30] . The presence of water should be taken into account due to the fact that water, as byproduct of the Cd complexation with ODPA, favors the protonation of tightly bound phosphonate ligands, decreasing significantly the adsorption energy, according to density functional theory (DFT) calculations [32] . In this scenario, diffusion of halide anions (in particular, chloride) may compete with ODPA-based ligands. As also confirmed by DFT, ODPA anhydrides are unstable on the sloped (10-1-1) facet, whereas all halide ions show relatively high adsorption energy values for this facet [32] . Thus, on the basis of these results, the co-adsorption and stabilization of phosphonates and chloride anions on the sloped facet explains the pyramidal shape.
Electrochemical studies of rod-like and pyramidal NCs
Cyclic Voltammetry (CV) is a technique widely used to study semiconducting colloids [34] [35] [36] [37] , including many studies to match the optical and electrochemical gaps [38, 39] . To address the effect of chloride forming part of the ligand shell, the CV characterization of rods and pyramids was performed. Different voltammetric responses have been recorded depending on the scan potential direction and capping ligand shell composition, as reported in detail in [40] . Correlated CV and XPS measurements allow both to observe the difference in the electrochemical response of differently capped NCs and to identify chemical processes that Cd and Se surface atoms undergo under electrochemical treatments [40] . The combination of these techniques might be very useful to identify undesired effects on NCs-based devices affected by non-optimized charge injection/separation of charges. Figure 6 shows the voltammetric response of pyramids (red line) and rods (green line) when the initial scan direction is anodic (0 to + 2 V) followed by a cathodic scan (+ 2 V, − 2 V). It is important to notice that upon a first cathodic scan (from 0 to − 2 V, not shown) [40] no reduction peaks are recorded regardless of size, shape, or concentration of NCs on the electrode. On the contrary, in the subsequent anodic scan to + 2 V, clear oxidation processes can be recorded in the voltammogram for all samples. These results are in agreement with an unfavorable cathodic reduction and a favorable anodic oxidation of CdSe at room temperature [41] [42] [43] . A second cathodic scan to − 2 V after previous oxidation is characterized by a reduction peak centered at − 1.4 V. In all cases, since the reduction peaks are only recorded upon previous anodic oxidation the potential difference between the anodic and cathodic responses cannot be assigned to the energetic positions of valence and conduction bands. According to our studies, the reduction peaks are assigned to the reduction of previously oxidized species on the surface of the NCs and will be further characterized in detail by XPS (more details can be found in [40] ). From the voltammograms shown in Figure 6 two remarkable facts can be extracted: (i) the potential difference between the anodic and cathodic processes is about 2 V in both cases and (ii) the anodic area, obtained by subtraction of the background current, is higher than the area corresponding to the cathodic processes. The voltammogram for pyramidal NCs is composed of two defined peaks at 1.4 and 1.7 V (1.3 and 1.6 V in rods) and a small peak centered at 1 V, which cannot be found in the case of rod-like NCs. The two observable peaks separated 0.3-0.4 V in the anodic scans both for rods and pyramids might be related to the oxidation of two different atomic chemical environments.
This potential difference is about 57 KJ mol −1 for the electronic transference of = 2e − . Therefore, these peaks may correspond to the oxidation of Se located in different NCs facets for both rods and pyramids. Alternatively, these peaks can be assigned to different oxidation states of Se [44] . Several differences were found depending on the initial scanning direction and reported in [40] . Correlated XPS measurements have been employed to characterize the different NCs surfaces and to understand the changes produced during the oxidation and reduction processes (Figure 7) . By XPS three different oxidation processes for rod-like and pyramidal NCs have been identified. The first row in Figure 7 corresponds to Se and Cd spectra obtained upon the application of an anodic scan from 0 to + 2 V according to the previous voltammograms shown in Figure 6 . New oxidized components can be found in the XPS Se spectra: component I at a binding energy of 55.0 eV in Figure 7a for pyramids, and I at a binding energy of 55.4 eV in Figure 7b for rods. Both components appear at higher binding energies than those components corresponding to non-oxidized CdSe NCs (green spectra). The intensity of the oxidized component is larger for pyramids than for rods, indicating that the oxidation proceeds faster in pyramids. In other words, the oxidation is less effective for Se sites in rods than in pyramids, what highlights that the presence of chloride capping the NCs surface must also have an influence on the redox reactions of Se sites. In order to further characterize differences produced in the samples during the anodic process, the potential was subsequently scanned in the cathodic direction (spectra in Figures 7c and 7d, second row) . For a further reduction treatment, the previously oxidized Se sites in the rods (component I ) remain constant both in binding energy position and intensity demonstrating that the anodic oxidation of the rod-like CdSe NCs capped with ODPA and without Cl is irreversible. However, the previously oxidized Se component for pyramids clearly shows a partial reversibility, with a drastic decrease in intensity (component I in Figure 7a vs component I in Figure 7c ). This suggests that the oxidation mech-anism for the Cl-capped pyramidal NCs must be essentially different compared to the one taking place for rod-like NCs, involving the formation of a Se product which does not result in the oxidation of rod-like NCs. The reversibility in the pyramids is attributed to the formation of Se-Cl species in the presence of Cl [45] .
On the other hand, pyramids also show an oxidation process taking place at the Cd sites (Figure 7e ). As it can be clearly observed, a new contribution at higher binding energies relative to the Cd 3d5/2 and Cd 3d3/2 peaks is recorded for pyramidal NCs (component III in Figure 7e ). Since the main difference between rods and pyramids when it comes to the chemical properties of the surface, is the presence of chloride anions attached to Cd sites, we conclude that the appearance of this extra contribution must arise from such Cd sites indicating its oxidation. In rods, however, the Cd sites remain unchanged. The binding energy position of the new Cd contribution is in good agreement with the formation of more oxidized Cd species. In any event this component does not appear in samples that have not been electrochemically oxidized. In the present study the voltammetric response of rods and pyramids differ mainly in the peak recorded at 1 V (see voltammogram in Figure 6 ) suggesting that the new Cd contribution can indeed be considered as a fingerprint of the oxidation of the Cd sites capped with Cl. For Cd sites in rods the reduction process ( Figure 7h ) yields a higher binding energy component (component IV). Similarly to the effect observed for Se sites (component II in Figures 7c and 7d ), since the sample has been reduced during this step (cathodic scan), these peaks can only be the result of unavoidable environmental oxidation when the samples are transferred from the electrochemical cell to the XPS chamber. In the case of Cd sites, the oxidation must proceeds from Cd 2+ previously reduced to Cd 0 in the cathodic scan. This effect is also observed for pyramids, where the new component must be added to the previous one obtained upon the anodic scan in the presence of chloride (sum of components III + IV). Thus, while oxidation at the Se sites occurs both for pyramids and rods, the oxidation at the Cd sites takes place only in pyramids. Comparing with the CV, the only oxidation process that takes place exclusively in pyramids corresponds to the peak at 1 V, which we thus attribute to the oxidation of the Cd-Cl sites. In conclusion, XPS ascertains that applying an anodic scan produces irreversible corrosion of Se in rods, but certain reversibility in pyramidal NCs capped with chloride ligands.
The combination of CV and XPS allows for the identification of different Cd and Se environments and for testing the stability of CdSe NCs under different electrochemical treatments. The combination of these techniques may be very useful to understand the response of NCs in devices where an active NCs layer works under bias [16, 46] .
Interaction with carbon sp 2 surfaces
The incorporation of chloride modifies the original ligand shell, reducing the density of long-chain organic ligands, thus allowing a closer contact at the interface between NCs and graphitic surfaces, as sketched in Figure 8 . This was firstly observed in 2007, when including carbon nanotubes dispersed in DCE during the synthesis of CdSe rods, pyramidal NCs attached to the nanotubes were obtained [7, 33] . Since then, several works have evidenced the possibility to decorate any carbon sp 2 lattice (also other wurtzite NCs types such as ZnO) [47] following the same procedure, which guaranties a monolayer of NCs on the graphene surface [29, 33] . As explained before, the original shell combining ODPA 2− and anhydrides for CdSe is modified by the presence of chloride anions, which displace the anhydrides selectively and promotes the interaction with C-sp 2 surfaces. This incorporation of chloride strengthens the interaction, as demonstrated by the fact that NCs with larger amounts of Cl on their surface (determined by XPS) decorate the C-sp 2 surfaces more efficiently than particles with a lower amount [29] .
The decoration of different surfaces following the same procedure can be seen in Figure 9 , where microscopy images show different carbon sp 2 systems decorated with CdSe NCs: single wall carbon nanotubes (Figure 10a ), multiwall carbon nanotubes (Figure 10b ), the surface of HOPG (Figure 10c ) and flakes peeled off from the former substrate (Figure 10d ). It is worth mentioning that, in contrast to the labile interaction of NCs monolayers covered with long alkyl chains obtained by means of techniques such as Langmuir-Blodgett, the monolayers obtained by this method (named pot-deposition) [29] are relatively strong and do not detach from the carbon sp 2 lattice by washing the substrates in toluene or under mild sonication conditions. High Angle Annular Dark Field (HAADF) Scanning Transmission Electron Microscopy (STEM) tomography studies were performed to ascertain the three di- mensional geometry of the attached NCs. These studies revealed that the NCs are hexagonal-based with the (0001) planes attached the outer graphene layer. The shape of the base of the pyramids attached to the carbon nanotube is very close to a regular hexagon but slightly distorted in most of the particles, what can be explained as a consequence of the present amount of chloride anions available during the reshaping process [32] . As discussed in [30] the orientation of the NCs is slightly tilted respect the tube axis, which could be related with the chiral vector of the outer wall of the nanotube. In Figure 10 a change in the angle of the tilt between NCs 1 and 2 and NCs 3 to 5 can be seen. This might be explained by a change in the chirality of the nanotube wall possibly related to the bonding of CdSe NCs to both sides of the nanotubes. 
The influence of chlorine on the synthesis of PbS NCs
As mentioned in the introduction, several NCs syntheses are influenced by chlorine-containing compounds. Contrary to the shape modification and attachment to graphitic surfaces observed for wurtzite CdSe NCs, the synthesis of rocksalt PbS NCs yields different structures. In this case, chlorine-containing cosolvents, such as DCE, 1,2-dichloropropane (DCP), or 1,1,2-trichloroethane (TCE) alter nucleation and growth rates during the first stages of NCs formation, where Ostwald ripening plays a negligible role. The presence of chloride triggers the oriented attachment of NCs into ultrathin single-crystal sheets with dimensions on the micrometer scale, as it can be seen in Figure 11 . X-ray scattering (SAXS) characterization ascertained distances between stacked layers corresponding to an interplanar crystalline oleic acid bilayer [14] . Since NCs try to minimize the most energetically unfavorable surface facets by fast growth perpendicular to the respective facet, relatively large PbS NCs (larger than 10 nm) typically shows the shape of truncated cubes with mainly {100} surface facets. The {111} facets and the most reactive ones, {110}, are usually visible in smaller NCs [48] . In the case of small PbS NCs (up to ∼ 3 nm) they should still exhibit the reactive {110} facets through which oriented attachment takes place. The stacked structures is driven by dense packing of oleic acid ligands on {100} facets, preventing bulk crystal growth. The chemical procedure involves the reaction between lead oleate and thioacetamide dissolved in dimethylformamide and TOP at 100 ∘ C [49] . For CdSe NCs it was ascertained that chloride anions are released from the mixture of TOP and DCE (Figure 4) . In the case of PbS NCs, since also TOP is used as solvent for the sulphur source, the influence of DCE might also release chloride anions, although the reaction temperature is much lower (100 ∘ C). Additionally, in this case, the presence of acetate anions may also play a role in the final NCs shape and may also compete for different crystallographic facets during the evolution of the reaction, which is the topic of on-going investigations, including the use of these sheets as transistors [50] .
Summary
A brief overview of the influence of haloalkanes mainly on the synthesis of wurtzite CdSe NCs by hot injection has been presented. According to XPS studies the halides get incorporated into the CdSe ligand shell. In the case of chloride anions, their incorporation modifies the shape of CdSe nanorods into pyramids. The reshaping is triggered by the reaction between TOP and the halogen-containing compound, releasing halide anions that alter the nucleation, first stages of growth or the ripening regime, depending on their chemical structure. In the case of chloride, their amount incorporated into the ligand shell and the corresponding NCs shape can be controlled by properly tuning the Cd/Se precursor molar ratio. According to NMR and XPS, the chloride incorporation proceeds through selective displacement of anhydrides of octadecylphosphonic acid. The incorporation of chloride modifies not only the chemical environment of the ligand shell and the shape but also the redox response of the NCs. XPS ascertains that applying an anodic scan produces irreversible corrosion of Se in rods, but partial reversibility in pyramidal NCs capped with chloride ligands. The shape modification and change in the ligand shell promotes the NCs attachment to carbon sp 2 lattices, such as those of carbon nanotubes, highly oriented pyrolytic graphite or graphene. This methodology guaranties in one pot a monolayer of NCs on the sur-face, what opens room for hybrid systems including semiconductor NCs-graphene for photovoltaics, catalysts, or energy storage. Finally, it has been shown that the influence of haloalkanes on the synthesis of rock-salt PbS NCs triggers oriented attachment, rendering them into 2D ultrathin sheets with micrometer dimensions. These sheets can be very advantageous favoring electrical transport usually blocked by long ligands in NCs-based devices.
